The club moss family Lycopodiaceae produces a diverse array of bioactive lycopodium 20 alkaloids (LAs). In particular, the alkaloid huperzine A (hupA) has grasped attention since it 21 is a potent acetylcholinesterase inhibitor of medical interest in Alzheimer's disease. Although 22 the structural diversity and bioactivities of LAs have been studied to some extent, their 23 chemotaxonomic value is mostly unexplored, especially to a lower taxonomic unit (e.g. 24 subspecies or genotypes). This study focused on previously reported Icelandic Huperzia 25 selago genotypes, and aimed to evaluate the chemotaxonomic value of LAs in resolving 26 them. Using liquid chromatography-mass spectrometry (LC-MS), alkaloid fingerprints of H. 27 selago taxa were subjected to principal component analysis (PCA). Our results revealed that 28 each genotype tends to have its own alkaloid profile. Genotype 1 and 3 form distinct groups 29 in a PCA plot, where genotype 2 is an intermediate between the other two genotypes. HupA 30 and its derivative, huperzine B, both contribute to the differentiation of genotype 3 from the 31 others. Therefore, our study demonstrated the potential of alkaloid fingerprints in resolving 32 deep taxonomic groups and selecting plant taxa of medicinal importance. 33 34
Introduction 38

74
Despite the discovery of many new LAs, the chemotaxonomic value of LAs and their 75 distribution patterns between taxa are not well known. Alkaloid profiling of ten major LAs 76 using thin layer chromatography has been carried out in Chinese taxa, and each genus tends 77 to have a genus-specific alkaloid pattern (Ma et al., 1998) . A recent review on the LAs 78 present in the genus Diphasiastrum shows that this genus is abundant of lycopodane-type 79 alkaloids but lack hupA (Halldorsdottir et al., 2015) . However, the utility of LA data in 80 resolving lower taxonomic units (species and subspecies) has not been explored. In a 81 previous study, we have reported the presence of three genotypes of H. selago in Iceland (Xu 82 et al., 2018) , which vary in hupA contents and morphology. The aim of the present study was 83 to explore the potential chemotaxonomic value of LAs in resolving the Icelandic H. selago 84 taxa. The diversity of LAs in Icelandic H. selago was also characterized in light of reported 85
LAs in literature. 86 87
Materials and Methods 88 89
Plant materials, genotype identification and chemicals 90
Taxon sampling of Icelandic Huperzia selago specimens included all described morphotypes, 92 "arctica", "appressa" and "selago". Vouchers of plant specimens were stored in Icelandic 93
Institute of Natural History, Akureyri Division, Iceland. Voucher information is provided in 94 Iceland, we used the concept of genotypes. Each genotype was recognized by haplotype 107 networking analysis of a concatenated chloroplast gene sequences using the software 108 POPART v1.7 (Leigh and Bryant, 2015) . The combined data matrix of 2372 base pair length 109 included three chloroplast genes (i.e. rbcL, matK and psbA-trnH), and their sequences 110 (Supplementary file Table S1 ) were retrieved from our previous study. Three genotypes were 111 recovered, and their relationship is shown in Fig. 2 (Xu et al., 2018) . 
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All organic solvents of HPLC grade, ammonium acetate and ammonium hydroxide were 118 purchased from Sigma-Aldrich. HupA and hupB (for both, purity > 99% by HPLC-UV) were 119 purchased from PhytoLab GmbH&Co. KG. Water was purified from a Milli-Q water 120 purification system (Millipore GmbH, Darmstadt, Germany). 121 122
Sample preparation 123 124
Sample preparation steps follow the procedure we have reported before (Xu et al., 2018) . 125
Briefly, whole plant materials were air-dried, powdered in liquid nitrogen and lyophilized. 126
Plant materials (40 mg for each sample; three replicates for each specimen) were weighed 127 and then crude alkaloids were extracted with 2% acetic acid three times. Combined extracts 128 were washed with dichloromethane. Alkaloids were partitioned to organic phase 129 (dichloromethane) by adding ammonium dropwise until the pH value of the aqueous phase 130 reaches 10. Free alkaloids were extracted with dichloromethane two more times, and 131 combined organic layers were evaporated, dissolved in mobile phase and filtered before 132 UPLC-QToF-MS analysis. 133 134
Alkaloid fingerprinting using LC-MS 135 136
Alkaloid fingerprinting was carried out using an Acuity UPLC TM system (Waters corp., 137
Milford, USA) coupled to a QToF SYNAPT G1 mass spectrometer equipped with 138 electrospray ionization (ESI) interface (Waters MS Technologies, Manchester, UK). 139
Separation of LAs was performed on a Luna Omega Polar C-18 column (2.1 mm × 100 mm, 140
1.6 µm, Phenomenex, UK). Mobile phase contained 10 mM ammonium acetate buffer pH 5.5 141 
LC-MS alkaloid fingerprinting 168 169
A good alkaloid separation was achieved using Luna Omega Polar C18 column (Fig. 3) . 170
HupA and hupB were identified in alkaloid extracts by comparing with the commercial 171 standard compounds, which eluted out at 5.61 and 4.69 min, respectively (Fig. 3A) . Icelandic 172 H. selago genotypes 1-3 (Fig. 3B-3D ) exhibit overall similar alkaloid fingerprints, and they 173 may primarily vary in the contents of certain alkaloids. For example, our previous study 174
shows that the genotype 3 (264-679 μg/g) contains significantly (p < 0.05) higher amount of 175 hupA than genotype 1 (20-180 μg/g), and that intermediate genotype 2 has a broad hupA 176
content (Xu et al., 2018). The current study also revealed a hidden diversity of LAs present in 177
Icelandic H. selago. In addition to hupA and hupB, the other three major LAs that have been 178 and selagoline, while the third one is unknown (Fig. 4A) . The alkaloid 6β-hydroxyhuperzine 182 A (tR = 4.27 min) can be annotated by extracting ion at m/z 259.18 (Fig. 4B) . An EIC at m/z 183 262.18 also suggests more serratidine isomers yet to be described (Fig. 4C) , and one of them 184 might be acrifoline. Another EIC at m/z 264.20 shows five major peaks, which correspond to 185 the molecular mass of protonated 6α-hydroxylycopodine, lycodoline and isolycodoline 186 previously described in H. selago, and the remaining two compounds are still unknown. (Fig.  187   4D) . Future work should focus on isolation and structural elucidation of the undescribed LAs 188 in H. selago. 
202
The MS fragmentation pattern of hupA (Fig. S2A) lycodane-type alkaloid 6β-hydroxyhuperzine A was annotated as a major peak in the 211 extracted ion chromatogram (Fig. 4B) , and it shows a fragment ion at m/z 242.1576 [M-212
NH3]
+ as well as a sodium adduct ion at m/z 281.1936 . MS data for identified and annotated 213 lycodane-type alkaloids are summarized in Table 2 . However, the lycopodine-type alkaloids 214 lack diagnostic fragments at collision energy of 35 eV and lower, and their identification 215 relies on isolated pure standards. It has been reported that lycopodane-type alkaloids with 216 saturated ring structures, such as lycopodine, selagoline and serratidine in H. selago (Staerk et 217 al., 2004) , are devoid of MS fragments at commonly used collision energy levels around 30-218 35 eV, and that only a few fragments could be expected to occur at a higher collision energy 219 over 40 eV (Shan et al., 2016) . Whether high collision energy levels (> 40 eV) could generate 220 characteristic fragment ions for lycopodane-type LAs remains unexplored. 221 222 Each genotype tends to form a distinct group in the PCA plot (Fig. 5A) inhibition (Bai, 2007) , genotype 3 should be prioritized for bioprospecting due to its higher 237 contents of hupA and hupB (Xu et al., 2018 
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Although chemotaxonomic values of LAs have been proposed (Ma et al., 1998) 
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